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Executive Summary

The lllinois Emergency Management Agen@EMA) is mandagd with protectingpublic

health and safetyand the environmenfrom the potentially harmful effects ofionizing

radiation In support of that missigdnEMA conducts environmental monitogrfor the
presence of radionuclides ar oundandnhaintaimsoi so6 s
a monitoring program in the environs of Zion Nuclear Power Station, which ceased operation

in 1997 and is currently undergoing decommissioning.

| E M Adngronmental monitoring programas three primaryfunctions 1) collecion of
diverse samplefom carefully chosen locatioren a routine basis, including simultaneous
field surveillance; 2) testing of samples radionuclidesand 3) evaluation of tes¢sults on
both an individual and lontgrm basis

Federal regulations establish standards for protection against ionizing radiation resulting
from activities conducted under U.S. Nuclear Regulatory Commission (US NRC) licenses,
such as operation of near power stations. The U.S. Environmental Protection Agency (US
EPA) sets drinking water standards for several types of radioactive contaminants; the limit
for tritium in drinking water is used for comparison purposes within this report.

In 2014, 898 sanples were collected, tested, and evaluat&ampletypes monitored by
IEMA includewater, sedimensoil, air,vegetationfish, and environmental dosimetry.

In 2014, all testresultsf or sampl es coll ected as part of |E
program for nuclear power stations were below fedesafetystandardsand guidelines

Tritium was theonly radionuclide detectealtributableto nuclear powestationoperations
It was detected in several water samples. Tritium is a normal part dfitlenestream of
nuclear power stations and the concentrations detectezivell below the US EPA limit for
tritium in drinking water.

Environmental dosimetry test results provide a baseline of ambient gamma radiation levels
within a teamile radius ofeach nuclear power station, and other background reference
locations across the state.

In 2014, all test results for Bvironmental dosimetry were consistent with established
backgroundlevels except for higher reading near the spent fuel storage casks Zion,
which were expected

In parallel with environmental monitoring, IEMA operates a stdtthe-art Remote
Monitoring System(RMS) at all six operating plantsThe oneof-akind RMS consists of
three separate subsystems: the Reactor Data LiDk)(Rhe Gaseous Effluent Monitoring
System (GEMS), and Gamma Detection Network (GDNJjhe GEMS iscapable of
identifying and measuring the presence of radioactive matégeling each nuclear power
stationthrough the effluent stackand the GDN is cable of measuring radiatioim the
surrounding environmentOur environmental monitoring independently confirms that the
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environs around the lllinois nuclear power stations are save and protective of public health,
safety and the environmentResults fron the GEMS and GDN are summarized in this
report.
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lllinois Emergency Management Agency

Environmental Monitoring Program for Nuclear Power Stations
Report for Calendar Year 2014

Introduction

With 11 operating reactors at six nuclear power statidhispis is home to more commercial

nuclear power generation than any other state in the country. Although direct regulatory
authority over all U.S. nuclear power stationsides with the US. Nuclear Regulatory

Commission (USNRC), he lllinois EmergencyManagement Agency (IEMA) is mandated

with protecting public health and safety and the environment from the potentially harmful

effects of ionizing radiation. Isupport of that mission, IEMAonducts environmental

monitoring for the presence of radionidésar ound | I I i noisbé six oper s
stations IEMA also maintains a monitoring program in the environs of Zion Nuclear Power

Station, which ceased operation in 1997 and is currently undergoing decommissioning.

In addition tofitraditionab environmental monitoring through sample collection and analysis,
IEMA has deployed @&emote Monitoring System (RMSround each nuclear power
facility. isanBEdidndes, inkRddBed, comptiased system that continually
monitors selected plamperational parameters at each facility and is capable of identifying
and measuring the presence of radioactive materials in the surrounding environment. The
oneof-a-kind RMS consists of three separate subsystems: the Reactor Data Link (RDL), the
Gaseougffluent Monitoring System (GEMS), arnilde Gamma Detection Network (GDN).

Data from the RMS is collected and monitored 24/7. IEMA has developed software to
continually monitor and analyze the RMS data and provide notification of unusual
occurrences torecall IEMA personnel.

This report HEhadnaentalsMonitdengpkoyram including data from the
Remote Monitoring Systenfior the period January 2014 through December 2014 for the six
operating nuclear power stations in lllinois and the ondean power station undergoing
decommissioning.

Program Overview

Critical pathways for potential radiatioexposure to the public includegestion from
drinking water and foodstuffs, and external gamma radiation from noble giSd# has
identified sampling locationshat provide sample types appropriate to determine if a public
health or environmental radiological impact is detected in the environs ofithear power
stationsdue to their operationIn addition, est results €ablish baselinealathat can be
used to perform exposure assessmeftanecessary and to compare environmental
radioactivity measurements in the event @ignificant release of radioactivignywhere in
theworld.
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IEMA collects samples fromesignatedsamplinglocations on a routine basis. IEM#&sts
these samples for the presence of radionuclidésst results are evaluatexh both an
individual and longterm basis.

Sample matrices monitored by IEMA includarface and public drinking/ater, sediment
from nearby wgerways soil, air, vegetation, fish, and environmental dosimetry. 1M201
898samples were collected, tested, and evaluated.

Program Update

In previous years, IEMA relied on a contractor for collection of the vast majority of samples
taken in the mvirons of nuclear power stations-ollowing the Fukushima incident, IEMA
commencd the process of moving toward independent sample collection. Since then, IEMA
hasdeveloped and refineithdependensampling plansn the environs of the six operating
nudear power stationgnd the one nuclear power station uigderg decommissioning.
These sampling planaddressall sample types with the exceptoof milk, and IEMA
collected samples in accordance with these plans througdadt

In late 2013 IEMA estblishedSangchrisLake State Parlas a Background Reference Site
anddeveloped aorrespondingsampling plan. This site was chasdueits distance from
nuclear power stations aitd closeproximity to Springfield. In addition to Sangchris Lake
State Rrk, the Springfield office at Knotts Street is a Background Reference Site for air
sampling. Test results for samples collectatl both Background Reference Sites can be
found in Appendix H.

Results at a Glance

Federal regulations establish standafwls protection against ionizing radiation resulting
from activities conducted under US NRC licenses, such as operation of nuclear power
stations. The U.S. Environmental Protection Agency (US EPA) sets drinking water
standards for several types of radibae contaminants; the limit for tritium in drinking water

is used for comparison purposes within this report.

In2014 all test results for samples colllected
program for nuclear power stations were below fedesalfety standards and guidelines.
No radionuclides associated with nuclear powatationoperations except fortritium, were
detected in samples collected neauclear power stations. Other radionuclides detcted
were naturally occurring.

As stated abee, tritium was the only radionuclide detected attributable to nuclear power
station operations. It was detected in several water samples. Tritium is a normal part of the
effluent stream of nuclear power stations and the concentrations detected werelovell

the US EPA limit for tritium in drinking water.
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Environmental dosimetry test results provide a baseline of ambient gamma radiation levels
within a 10-mile radius of each nuclear power station, and other background reference
locations across the sta

In 2014, all test results for environmental dosimetry were consistent with established
background levels, except for higher readimgear the spent fuel storage casks in Zion
which were expected

Analysis of Data

Negative numbers in the tabled this report are the values reported by the IEMA
Radiochemistry Laboratory. Each batch of samp&esounted with a sample blank to
determine a background for each analytical instrument and each type of medium being
analyzed. That background readinghien subtracted from the analytical resul¥hen the
sample has very little radioactivity, subtracting background values may actually result in a
negative number.

Limits of Detection

All analytical methods have limitations: amounts that are just todl sole detected. The
Minimum Detectable Concentration (MDC) in & a p measurei ofiat limitationi an
estimate ofthe lower limit of detection It is defined as the smallest quantity that an
analytical method has 95% likelihood of detecting.r Egample, the MDC fot E MA G s
method fortritium in water is 200 pCi/L. Given a sample with a tritium concentration of 200
pCi/L, our laboratory would detect that tritium approximately 95 times out of 100. Samples
with less than 200 pCi/L could be detstt but with less certaintyConversely, samples with
more than 200 pCi/L would be more likely to be detected, approaching 100% as
concentrations increase.

Analytical methods are chosen, in part, on their MDC. As a general rule, methods are chosen
sud that their MDC is less than 10% of any applicable regulatory lifrtie MDCsfor each
analytical methodre not included ithis report.

Understanding a Test Result with a Confidence Interval

Test results in this report contain columns of informataieled Resuland Error. Error is
actually the Uncertainty This is a standard method for reporting laboratory analysis results,
and it allows the reader to look at factors that may affect the results, or may put the results
into perspective.

What des a tritium result of 519 £+ 99.5 pCi/L, with 95% confidence, mean&, the unit,

pCi/L, is used to measure the amount of tritium, in picocuries (pCi), present in one liter (L)
of water Thus, the result tells us the analysis fotimak the sample cé&ins519 picocuries

of tritium per liter. However, all measurements have some uncertainty associated with them

T some range of values which the analysis, if repeated, could reasonably be expected to be
the result. In this case, the uncertainty is £ 9EI/L. If repeated, the analysis could
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reasonably be expected to return values as low ag 8895 = 419.5 pCi/L and as high as
519+99.5=6185pCilLThe st atement fAwith 95% confidenc
can be about that range of valuds this case, there is a 95% probability that the sample
contains between 419.5 and 618.5 picocuries of tritium per liter of water.

Radiation Exposure Pathways tdHumans

Samples collected for the IEMA environmental monitoring program reflect thieatrit
pathways that radionuclides could be transported to and ingested by the general population:
water, sediments, and fish from lakes and rivers downstraadgroundwater from nearby

wells. Figure 1 depicts the different exposure pathways through wipebple may be
exposed to radiation, or may ingest radioactive material.

Figure 1. Radiation Exposure Pathways tdHumans
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Water Samples

Nuclear power stations use large volumes of water and discharge this water to rivers and
lakes. This discharge regulated by the USIRC and the lllinois Environmental Protection
Agency (IEPA). Impacted bodies of water include the Kankakee, Illinois, Rock and
Mississippi Rivers, Lake Michigarand Clinton Lake. IEMAtestssamples from these
bodiesof waterandfrom public drinking systems that draw their water from them.

Plant operations can also impact ground watieerefore IEMA also analyzes samples
collectedfrom wells in and around theuclear power stains Ground water samples are
collected and analgz quarterly. For all water samples, typicaliy Bters are collected per
quarter. Water samples are screened for gross alpha and gross beta aatidtyre
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submitted for gamma spectroscopy analysis including, but not limitegdotorproduced
and naturallyoccurring radionuclides such &3 (tritium), Ba-140, Be7, Co58, Co-60,
Cs134, Cs137 Febh9, 131, K-40, Mn54, Nb95, Zn-65, andZr-95.

Tritium (H-3) is a normal component of the effluent stream of nuclear power plants. Liquid
effluents from the nuclear power stations are released to waterways under permit from the
lllinois Environmental Protection Agency (IEPA). Water samples are analyzddtiiom

and the results are compared to the US EPA drinking water standard of 20,000 pCil/L.

Soil Samples

Radionuclides released into the air would be expected to eventually settle to the ground in
locations downwind. IEMA analyzes soil samples collected from land arouncutbear

power stations Soil samples are collectesémiannuallyin the spring and the fall All soils

are submitted for gamma spectroscopy analgsisiding, but not limited toeactorproduced

and naturallyoccurring radionuclides such a#c-228, Bal40, Bi212, Bi214, Co-58,
Co-60,Cs134, Cs137, Feb9, K-40, Mn-54, Nb95, Pa234m, Pb210,Pb-212,Pb-214, Ra

226, Th234, TE208, U235, Zr65, and Z+95. It should be noted that as a remnant of
atmospheric nuclear weapons testi@g;137 is routinely observed isoil and sedimenat
concentrations of 0-0.2 pCig.

Sediment Samples

Radionuclides released into rivers would be expected to accumulate in sediments
downstream. IEMA analyzes sediment sampted are collected from the rivers and lakes
downstream of th@ u c | ear p o eifuent peirtsa tSéddemssade collected semi
annually in the spring and fall. All sediments are submittedamma spectroscopy analysis
including, but not limited tpreactorproducedand naturallyoccurringradionuclides such as
Ac-228, Bal40, Bi212, Bi214, Ce58, Co60, Cs134, Csl137, Fe59, K-40, Mn54,
Nb-95, Pa234m, Pb210, Pb212, Pb214, Ra226, Th234, Tt208, U235, Znr65, and
Zr-95. Again, it should be noted that as a remnant of atmospheric nuclear weapons testing,
Cs137is routinely observed isediment and soil at concentrations 0f0.2 pCi/g.

Fish Samples

Fish are excellenbio accumulatorsof radionuclides. Fish samplagere collected from

rivers, near nuclear power station discharge points. At each location, two different species of
fishwer e coll ected and -hBeederde@r ahdedicEdidrooat dimop
portions of the fishwere harvested and analyzed. Like sediments, fish sanpdes

analyzed for reactgproduced and naturallyoccurring radionuclides using gamma
spectroscopyincluding, but not limited to, radionuclides such as- 188, Be7, Co58,

Co-60, Csl134, Csl137, Fe59, 131, K-40, Mn-54, Nb95, Zn65, and Z#95. The results

showed no concentrations of reagbooduced radionuclides above backgrounelewn any

of the sampled fish.
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Vegetation Samples

Radionuclides released intbe atmospheravould be expected tdeposit on the ground
downwind from thenuclear power statigrand are transported to the root system of plants
when it rains. Plants magke up or metabolize radioactive materials in the Saggetation
sampleswere collectedfrom the area aroundach sation in the late summer or fall All
vegetation samplesubmitted for gamma spectroscopy analyscluding, but not limited to,
reacbr-produced and naturalgccurring radionuclides such Bs-140, Be7, Co58, Cae60,
Cs134, Cs137, Feb9, 131, K-40, Mn54, Nb95, Zn65, and Z+95.

Air Samples

The Zion Nuclear Power Station permanently ceased operation in February 1998, and has
been storing spent fuel on site. Due to decommissioning activities, IEMA maintains a
network of air monitoring stations around the Zion Station. Air samples are collected
continuously, with the air filters being changed and analyzed weekly. The ais fite
analyzed for gross alpha and beta through gas proportional courioidn Zion and the
Springfield Background site also collect one air sample weekly on a charcoal cartridge.
Cartridges are submitted for gamma spectroscopy analysis includingiobdimited to
reactorproduced and naturalgccurring radionuclides such as-BeCs137, +131, K-40,
Te-132, and Xel31lm. Appendix G includes the results of the amrtridge andfilter
analyss for Zion in 2014 and Appendix H includes comparativesults forBackground
Reference Sites

Gaseous Effluent Monitoring System

IEMA continuously monitors gaseous effluents from all operatinglear power stations

with the Gaseous Effluent Monitoring System (GEMShe GEMs provides automaticni

line, continuous sampling of each nuclear power plant effluent stack(s). The GEMS
measures and identifies particulates, noble gases, and iodines over a wide range of
concentrations, from background levels to releases under emergemityons.

Figure 2 showsa compilation graph of gaseous effluent particulate and iodine release rates
from lllinois nuclearpower stations in 2014. The graph demidhedaily average effluent
release ratesn microcuriesper second n{Ci/sec). Particulate anabdine releases tym
Braidwood, Byron and Clinton were indistinguishable from backgroundrigure 2
illustrates releases from LaSalle, Dresdemd Quad Cities Nuclear Power Stations.
Although measureable, these releases of radioactivity were well within regulatory limits
Release rates of noble gases were also found to be indistinguishable from background, and
therefore not graphically represented in this report.
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Figure 2. Gaseous Effluent Particulateand lodine Release Rates from lIllinois Nuclear Plants in 2014
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The GEMS can be controlled remotely during nuclear power plant emergencies to provide
flexibility in sampling. The screen showim Figure 3 below details the remote operation
data for the Dresden Nuclear StatiGEMS guipment.

Figure 3. Computer Display of GEMS Data

03/06/14 10:48:39 DRESDEN GEMS REMOTE OPERATION
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T Time| o
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PART /IOD PART/IOD
RUN RUN/ACTIVE

The GEMS equipment shown igures 4A and3B belowwereoriginally designedy
SAIC, and redesigned by IEMA personnel. Thedesigned units werdyuilt, installed,and
are currentlymaintained by IEMA personnel.
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Figures4A and B. Photos of GEMS Equipment

Ambient Gamma Monitoring

IEMA maintains a network dé15environmental dosimeters around #ie operatinghuclear
powerstations and ZionUnlike the environmental samples descripeeviously dosimeters
do not preide information on what radionuclides are found in the environment. Instead,
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dosimeters provide a direct measurement of the total dose produced by all sources of gamma
radiation, including naturally occurring radionuclides and cosmig iatesgrated ovetime.

The dosimeters are arrayed withinl@mile radius of each plant and are exchanged and
analyzed quarterlylEMA performs the analysis of the dosimete¥ghile the dosimeters are

used to monitor for small changes in ambient background levajgrafma radiation that

could result frormuclear power statioactivities, they also play another important role.

the event of a significant offite release from a nuclear platite environmental dosimeters
would be collected, reacdnd used to deterngnthe extent and magnitude of the release,
along with an estimate of the radiation dose that may have been rebgitbd general

public.

Resultstables for environmental dosimeters analyzed dui@g4 are included in the site
specificsections of thiseport In addition to the quarterly results, which are expressed as the
averagemillirem per day, we have used those results to calculate the approxmtlatm

per year that would have been accrued by an individual at that location for an entire year
Those numbers can be compared to the average radiation exposure to an individual of 620
millirem per year from various sources (according to the 2009 National Council on Radiation
Protectionds Report). Appr oxi mialtared|Cgsmi8 % o f
radiation (background radiation), and equals approximatelymBliGem per year.

Figure 5. Sources of Radiation Exposure to Man
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Reprinted with permission of the National Council on Radiation Protection and Measurements
(http://INCRPblications.org)

Gamma Detection Network

In addition to placing dosimeters around the nuclear power stations, IEMA manages the
Gamma Detection Network (GDN)The Gamma Detection Network (GDN) is a network of
ReuterStokesdetectors placed radially aralireach of the nuclear power plants to detect
gamma radiation levels in the environment. Sixteen detectors surround each nuclear plant
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site at approximately-8 miles from the plant. Each sensor is capable of detecting gamma
radiation in the range of snhddackground levels up to 10 R/hShownin Figure 6 is an
analytical display for the Clinton Nuclear Station with meteorological and GDN radiation
information which would beutilized by IEMA Health Physitsts to evaluate enviromental
impacts of a relese. Figure 7 is a photo of a typical GDN field installation.

Graphic representation®f GDN data collectedluring 2014from each ring of detectors
around each nuclear power station are included in the#eificAppendicef this report.
Each of thel6 GDN stations is coded with a different colon the graph.

Figure 6. Display of Gamma Detection Network around Clinton Nuclear Station
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The Gamma Detection Network provides rgale radiation measurements in millirem per
hour (mRenYhr), and theenvironmental dosimeters deployed around the plants are radiation
measurements integrated over the period of time they are deployed in the field (typically
three months).
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Figure 7. Typical IEMA GDN Field Installation
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Braidwood Nuclear Power Statio

Braidwood Station is located in Will County in northern lllinois, approximai&ymiles
southsouthwest of Joliet, lllinois. This station utilizes two pressurized water reactors to
generate electricity for Exelon. Uritbegan operation in 1987 anait2 in 1988.

e I

— Bt el

Liquid effluents from the Braidwood Station are released in controlled batches to the
Kankakee River.In 2005 it was discovered that a leak in the line that transported effluents
to the Kankakee River had allowed for the unlicenseelasd of effluents to groundwater.

As a result, tritium (H8) was found in ground water and a pond outside the boundaries of the
plant. As part of itefforts to identify releases and prevent future exposure to the public,
IEMA continues tasample waterrbm public waterways, arahalyzes samplds detect any
further spread of the plume.

Figure 8 is an overview of all sampling locations in the vicinity of the Braidwood Nuclear
Power Station (yellow stan the centér The second yellow star near the tf Figure 8is

the Dresden Nuclear Power StatioResults for all samples collected in the environs of the
Braidwood Nuclear Power Station can be found in Appendix A.
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DresdenNuclear Power Station

Dresden Station is located in Grundy County in northern lllinois, approximageigiles
southwest of Joliet, lllinois at the confluence of the Des Plaines and Kankakee rivers where
they form the lllinois River. This station utiligetwo boiling water reactors to generate
electricity for Exelon.

On June9, 2014, IEMA received a notification from Exelon Generation Company, LLC
(Exelon) stating that they had discovered elevated levels of tritium at the discharge of the
plant betwen the time period of 4/2/2014 to 6/7/2014. Exelon stated that no greater than 0.1
curies were discharged from the siteiquid effluents from the Dresden Station are released

to the lllinois River.

As a result of the notifications from ExelotEMA stdf collected water samples from
established IEMA monitoring locations around the Dresden facility on June 11, 2014.
Coincidentally,IEMA staff had collectedoutine water samples from those same locations
on June 5, 2014, which happened to be during tingtion of the release from Dresden.

Al | samples were analyzed by | EMAOG s Radi oche
samples collected during and after the duration of the release, IEMA observed no measurable
increases imradiation near the Dresden Near Power Station. Results for all samples

collected were below the U.S. Environmental Protection Agency (US EPA) drinking water

standard for tritium, which is 20,000 picocuries per liter (pCi/L).

Figure 9 is a map showing the location of the Dresderlblar Power Station (yellow star),
and | Bwstéréaspling locations around the plankigure 10 is an overview of all
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